Cellular senescence is defined as the physiological program of terminal growth arrest, which can be triggered by various endogenous or exogenous stress signals. Cellular senescence can be induced in response to oncogenic activation and acts as a barrier to tumorigenesis. Moreover, tumor cells can undergo senescence when exposed to chemotherapeutic agents. In addition to suppressing tumorigenesis, senescent cells remain metabolically active and may contribute to tumor formation and to therapy resistance. In the current review, we discuss the molecular regulation of cellular senescence, the potential implications of senescence in human cancers, and the possibility of exploiting cellular senescence for the treatment of cancers.
Introduction
Cellular senescence was originally defined as the proliferative arrest that occurs in normal cells after a number of cell divisions, even upon treatment with mitogens. This process of "replicative senescence" in normal cells results primarily from the shortening of, and other structural changes to, telomeres at the ends of chromosomes [1] . Cellular senescence was first described 50 years ago by Hayflick and Moorehead [2] and was called the "Hayflick limit". Senescent cells typically appear flattened and enlarged and show increased cytoplasmic granularity. In addition to the characteristic changes in morphology, senescent cells display several other differences from quiescent cells. These differences include senescence-associated β-galactosidase activity (SA-β-gal), senescence-associated heterochromatin foci (SAHF), and high expression levels of p16 and p21 [3] [4] [5] . These senescence markers can be used to identify senescent cells both in vitro and in vivo. In addition to replicative senescence, cellular senescence can be induced by other types of stress, such as oncogene activation ( Figure 1 ) [6] . The oncogenic protein Ras and its effectors, such as activated mutant RAF, MEK, and BRAF, have all been shown to cause senescence [7] [8] [9] . This form of cellular senescence is similar to the Hayflick limit; however, in contrast to Hayflick's observations, Ras-induced senescence is much more rapid and is independent of telomere shortening. Courtois-Cox and colleagues have referred to this form of cellular senescence as oncogene-induced senescence (OIS) [9] . Many laboratories have reported that OIS may act as a barrier to neoplastic transformation, and bypass of OIS is a prerequisite for tumorigenesis. Recent studies also suggest a link between OIS and inducedpluripotency in in vitro settings, supporting the idea that cellular senescence counteracts the induced-conversion of primary cells into pluripotent stem cells [10] [11] [12] . Thus, OIS may suppress Review Figure 1 . Induction of cellular senescence by various stimuli. Cells can activate intrinsic pathways to undergo replicative senescence (RS), oncogene-induced senescence (OIS) or therapy-induced senescence (TIS).
The impact of cellular senescence in cancer therapy: is it true or not?
tumor formation not only by inducing a persistent cell-cycle arrest, but also by limiting the generation of cancer stem cells. Therapy-induced senescence (TIS) is another form senescence that refers to the phenomenon of a subset of tumor cells being forced into a senescent state by therapeutic agents (Figure 1 ). The ability of therapeutic stimuli to induce tumor cell senescence has been noted for different treatments, including radiation and chemotherapeutic drugs (such as doxorubicin and cis pla tin) [13, 14] . These observations indicate that cancer cells harbor signaling pathways/mechanisms that can be utilized to induce senescence. Recently, the ability of cancer cells to overcoming TIS has been proposed as one mechanism behind cancer recurrence and drug resistance. However, how TIS contributes to cancer recurrence and drug resistance remains an unanswered question [15, 16] . Although only certain therapeutics can induce senescence, and senescence does not occur in all the treated cells, TIS has clinical implications and significance in regard to the efficacy and effectiveness of treatment regimens. In the current review, we discuss the molecular regulation of the aforementioned forms of cellular senescence, the possible clinical implications of senescence in human cancer, and the potential for exploiting cellular senescence for the treatment of cancer.
Replicative senescence and targeting of telomeres/ telomerase in cancer
Telomeres and replicative senescence The phenomenon of replicative senescence (RS) was first observed in primary human cells that had a finite life span in cell culture. These primary human cells grew in culture but stopped dividing after a number of divisions [17] . RS mainly occurs in response to dysfunctional telomeres. Telomeres become slightly shorter after each cellular division and are eventually too short to allow the cell to divide, resulting in cellular senescence and apoptosis. Telomerase can prevent telomere erosion and the subsequent cellular senescence in highly proliferating cells. The dependence of replicative senescence on telomere shortening is evident, based on the fact that senescence can be bypassed by telomerase reverse transcriptase (hTERT), a catalytic subunit that elongates telomeres. In the presence of hTERT, RS is significantly reduced [18] . The majority of cancerous cells (>90%) express telomerase to maintain telomere length [19, 20] ; however, cancer cells can also elongate their telomere through another mechanism termed alternative lengthening of telomeres (ALT) [20] . This alternative mechanism was discovered in some cancer cell lines in which telomere lengths were maintained in the absence of telomerase activity [16] . Thus, human cancer cells maintain their telomeres and consequently the ability to proliferate indefinitely making telomeres and telomerase ideal targets for therapeutic intervention in combating cancer.
Telomerase, telomeres, and cancer therapy Various therapeutic strategies targeting telomeres and telomerase have been developed, including gene therapy, immunotherapy, telomerase inhibitors and telomere-disrupting agents ( Figure 2 ). Antisense gene therapies in which the hTERT mRNA or telomerase mRNA are targeted with RNAi or hammerhead ribozymes have been shown to selectively impact telomerase-positive cells. Such agents include antisense oligonucleotides, peptide nucleic acids (PNAs), and chemically modified PNAs such as GRN163L. GRN163L has been reported to inhibit telomerase activity in cancer cells, thereby promoting telomere shortening and subsequently cell cycle arrest and apoptosis [21] . To date, most studies have focused on searching for and testing natural agents or synthesizing chemical compounds that inhibit telomerase activity in cancer cells, resulting in loss of the telomere maintenance mechanism and induction of senescence and apoptosis. Several compounds, such as BIBR1532 {2-[(E)-3-naphtalen-2-yl-but-2-enoylamino]-benzoic acid} [22] and TNQX (2,3,7-trichloro-5-nitroquinoxaline) [23, 24] , have been reported to possess these properties. Protein kinase C (PKC) and Akt have been shown to phosphorylate hTERT and to enhance telomerase activity [25] . Therefore, it is conceivable that inhibitors of these protein kinases could have inhibitory effects on telomerase activity. Recently, a different approach to targeting telomerase has been reported. Ugel and colleagues developed an adoptive cellular therapy by expanding high-avidity T cells reactive against telomerase epitopes. When these cells were injected back into transgenic mice, adenocarcinoma progression was hampered. A similar strategy was also effective against human cancer. In a mouse model, T cells reactive against human telomerase successfully abolished tumor growth of several types of human cancer cells [26] . Clinical trials are currently going on to evaluate these approaches, and it will be interesting to see whether or not Figure 2 . Pathways regulating RS and targeting RS for cancer therapy. RS mainly occurs in response to dysfunctional telomeres, which is the result of telomere erosion or telomere shortening. In cancer cells, telomerase or alternative lengthening of telomeres (ALT) can prevent telomere erosion or telomere shortening and subsequent cellular senescence. Various strategies to targeting telomeres and telomerase have been developed, including hTERT immunotherapy, telomerase inhibitors, telomere-disrupting agents and some protein kinase inhibitors. these approaches will work in cancer patients. Currently, all of these approaches target telomerase and telomeres; no specific inhibitor has yet been designed to inhibit the ALT pathway. ALT-mediated telomere maintenance may underlie the observed resistance of some tumor cells to telomere-based therapies. This presents a fascinating area for future investigation, as combining ALT and telomere-based therapies may greatly improve outcomes for these therapies.
Oncogene-induced senescence and its role in cancer treatment and development Cellular senescence can also be induced by oncogenes, and this type of senescence is termed oncogene-induced senescence [9] . Unlike RS, the induction of OIS is much more rapid and cannot be bypassed by the expression of hTERT, indicating that OIS is independent of telomere attrition [27] . OIS is triggered by abnormal signaling within a cell, which is mediated by the protein products of oncogenes and is often accompanied by activation of tumor-suppressor networks. Critical signaling pathways shared by both RS and OIS are the p53 and p16/pRB (retinoblastoma tumor suppressor) pathways. Some oncogenes such as RAS, STAT5, and cyclin E not only induce senescence but also trigger a DNA-damage response, which is associated with DNA hyper-replication and appears to be involved in OIS [28] . It is now becoming increasingly clear that OIS is a crucial anticancer mechanism that prevents the growth of cells that are at risk for neoplastic transformation. Conversely, oncogenic stimuli that induce senescence also have the potential to initiate tumor promotion ( Figure 3 ).
Effector pathways and therapy
Signaling pathways known to regulate OIS include the p16/ pRb and p19/p53/p21 pathways. Reduction of p53 function by dominant negative mutants, specific p53 antisense mRNA, oligonucleotides, or viral oncoproteins is sufficient to extend the lifespan of several cell-types in culture [29] . The protein MDM2 has p53 ubiquitin ligase activity and is part of the autoregulatory feedback loop that regulates p53 activity. Overexpression of MDM2 targets p53 for degradation and results in loss of p53 function [30] . Furthermore, the human homologue of MDM2 is frequently overexpressed in melanoma [31] , suggesting that alternative mechanisms for p53 inactivation occur in human cancers. Studies have demonstrated that restoring p53 activity by suppressing MDM2 overexpression (eg, by nutlin treatment) can achieve clinical benefits in patients with melanoma or other types of cancer. Activation of p53 induces the expression of p21, a cyclin-dependent kinase (CDK) inhibitor that has a direct inhibitory effect on cell cycle progression. In human cells, depletion of p21 is sufficient to bypass senescence [32] . However, in mouse embryonic fibroblasts, knockout of p21 does not overcome senescence [33, 34] , suggesting that at least one additional downstream effector is needed for p53-induced senescence. Other proteins such as 14-3-3 and GADD45 are also believed to be involved in modulating cellular senescence [35, 36] . The retinoblastoma tumor suppressor, Rb, also plays a regulatory role in senescence. Overexpression of Rb or overexpression of various regulators of the pRb pathway such as CDK inhibitors leads to a senescent phenotype [37] . CDKs are [38] . Cross-talk between effectors involved in OIS has also been revealed. For instance, myc, a gene that is involved in oncogenic signaling pathways, is able to induce cells to bypass senescence. Myc can bypass CDK4/6 inhibition by activating CDK-2-cyclin A/E and by up-regulating the CDK-activated phosphatase, cdc25A [39] . Therefore, inhibition of the CDKs involved in these epigenetic modifications could lead to senescence and may have anti-cancer activity. CDKs can be inhibited by using adenoviral vectors carrying CKIs (CDK inhibitors such as p16, p21, p15, and p27) [40] . Further studies are needed to determine the potential of this approach as an anticancer strategy.
Secreted proteins in OIS
A major consequence of oncogene activation is the secretion of dozens of proteins, including cytokines and chemokines [41] . Some of these secreted proteins and their receptors are known to be regulators of OIS. For example, CXCR2 (interleukin-8 receptor type-B) was identified as an important regulator of OIS, which can lead to growth inhibition [42] . In addition, Wajapeyee and colleagues [43] performed a genome-wide RNA interference screening and found that the secreted protein, IGFBP7, plays a central role in BRAFV600E-mediated senescence and apoptosis. Expression of BRAFV600E in primary cells leads to synthesis and secretion of IGFBP7, which acts through autocrine/paracrine pathways to inhibit BRAF-MEK-ERK signaling and to induce senescence and apoptosis. Nickoloff and colleagues reported that the tumor-suppressive secreted protein, maspin is up-regulated in senescent tumor cells. Maspin expression is also increased in aging skin keratinocytes in vivo. The upregulation of maspin in senescent keratinocytes was found to result in a secreted anti-angiogenic activity detectable using an in vitro assay. However, the pool of proteins secreted in response to oncogenes is complex, and some components are actually tumor-promoting. For example, it has been reported that the secreted protein Trefoil factor 1 (TFF1) allows human prostate epithelial cells to escape OIS caused by activation of the Ras oncogene or by reduced expression of the tumor suppressor PTEN [44] . Yang and colleagues [45] revealed that pre-neoplastic epithelial ovarian cells express GRO1 (a cytokine recognized by CXCR2), which is secreted in response to signaling by the RAS oncogene and has the potential to induce senescence in ovarian fibroblasts in vitro. Furthermore, these senescent ovarian fibroblasts promoted tumor growth when co-injected with pre-neoplastic epithelial cells into mice. Senescent cells also secrete high levels of IL-6, IL-8, VEGF, and MMPs, which can stimulate the migration and invasion of pre-malignant epithelial cells [46] [47] [48] [49] . These studies indicate that senescent tumor cells have the ability to secrete factors that inhibit the growth of their nonsenescent neighbors. However, senescent tumor cells may also secrete factors that promote proliferation of tumor cells that reside in their microenvironment. Recent studies have presented the following paradox: while a senescent response is generally associated with tumor suppression, some senescent cells can produce a second-wave of secreted proteins that facilitate and drive cancer development. A clear picture of factors contributing to this paradox will require a deeper understanding of how the genes encoding secreted proteins are upregulated as a consequence of oncogene activation. It may be possible to selectively inhibit some of the senescence-induced secretory proteins (eg, VEGF or MMPs) to abrogate tumor beneficial effects, which could be a strategy to harness the power of intrinsic tumor-suppressive mechanisms for improving cancer therapies.
Autophagy in OIS
Autophagy is a crucial cellular process involved in maintaining cellular homeostasis by helping cells cope with metabolic stress and limiting oxidative damage. Defective autophagy has been linked to various human diseases including cancer, neurodegeneration, and aging. Interestingly, both autophagic flux and expression of regulators of autophagy are increased in OIS cells [50] , and de-regulation of H-Ras activity can lead to caspase-independent cell death with features of autophagy. Modulation of key autophagic components such as Ulk3, Atg5, or Atg7 has been shown to alter cellular senescence. This effect may occur through feedback control of the PI3K-Akt-mTOR pathway, which acts to limit oncogenic signaling and enables cell cycle exit [51] . These studies suggest that the pathways involved in autophagy and senescence could be functionally linked. Autophagy has apparently conflicting roles in the development and maintenance of cancer. On the one hand, activators of autophagy likely inhibit transformation and prevent cancer by limiting cellular damage. On the other hand, autophagy plays an important role in the growth and survival of pancreatic cancer cells [52] . Although autophagy is induced in response to oncogene activation, this cellular process can also be induced in response to a variety of other stresses such as starvation or hypoxia. It remains to be determined whether the autophagy process is the same in response to different activators. Induction of Ulk3 has been shown to be sufficient to stimulate autophagy and OIS [53] . The induction of Ulk3 by OIS is associated with induction of a set of autophagyrelated genes that is distinct from that induced by starvation or hypoxia, indicating that the autophagic response induced in OIS might be a distinct form of autophagy that facilitates the process of OIS. Defining what aspects of autophagy are required for maintaining the senescent phenotype and for suppressing tumor formation are important questions for future investigation.
MicroRNAs in OIS
MicroRNAs are a class of evolutionarily conserved noncoding RNAs that regulate the expression of protein-encoding genes [54, 55] . In recent years, numerous miRNAs have been identified and implicated in human cancer [56] [57] [58] . Not surprisingly, miRNAs also play important roles in the regulation of senescence and oncogenesis. For example, miR-17-92 was reported to inhibit oncogenic RAS-induced senescence and to promote oncogenesis [59] , including evasion of apoptosis [58] . Overexpression of miR-380 cooperates with active H-RAS oncoproteins to transform primary cells, block oncogeneinduced senescence, and form tumors [60] . Using genomewide siRNA and miRNA screening, Borgdorff and colleagues showed that 28 miRNAs (miR-17-5p, miR-130b, etc) were involved in preventing RAS G12V -induced senescence in human mammary epithelial cells (HMECs) [61] . Similarly, two miRNAs (miR-372 and miR-373) have been shown to rescue Rasinduced senescence in human fibroblasts and have been found to be overexpressed in testicular germ cell tumors [62] . Importantly, these miRNAs have also been linked to cancer development. For example, miR-17-5p is overexpressed in pancreatic cancer [63] , breast cancer [64] , hepatocellular cancer [65] , and thyroid cancer [66] , while miR-130b is overexpressed in gastric cancer [67] . These observations demonstrate the roles of miRNAs in oncogenic RAS-induced senescence and apoptosis, and suggest that regulation of senescence by miRNAs might be part of a universal mechanism of miRNA-mediated growth control. Therefore, induction of senescence by miRNA-based therapy might be a promising approach for the prevention and treatment of cancer. Recent therapeutic applications of miRNAs include the following two major strategies: 1) For oncogenic miRNAs that are overexpressed in tumors and promote cell proliferation, the therapeutic approach would be to suppress miRNA expression. This could be accomplished by using antimiRNA oligonucleotides, miRNA masking, and small molecule inhibitors of miRNAs. 2) For tumor-suppressor miRNAs (TS-miRNAs), which are often lost in tumors, the therapeutic strategy would be to restore expression of TS-miRNAs by exogenous transfection of designated miRNA mimics. Some miRNA-based therapeutic molecule delivery methods have been developed and applied in clinical trials, including viral and non-viral vector systems.
Therapy-induced senescence (TIS), a double-edged sword?
As mentioned above, the progression to malignancy involves bypassing or inhibiting crucial mediators of cellular senescence. Nevertheless, this does not mean that malignant cells have completely lost their capacity to undergo senescence. Given the intrinsic tumor-suppressive potential of senescence, investigation of the effectiveness of senescence-inducing interventions for the treatment of cancer should be interesting and potentially useful. Therapy-induced senescence (TIS) is another form of cellular senescence that has been described recently. Although TIS is caused by genotoxic agents such as irradiation and chemotherapeutic drugs, it shares many similarities to OIS (eg, common markers) (Figure 4) .
Induction of senescence in vitro and in vivo by chemotherapy
A variety of anticancer agents can induce senescence-like morphological changes and SA-β-gal expression in tumor cells. These drugs include the topoisomerase I inhibitor camptothecin [68] , the topoisomerase II inhibitor doxorubicin [69] , the DNA damaging agents cisplatin and doxorubicin [70] , γ-irradiation [71] , and the anti-metabolite cytarabine [72] . These observations suggest that different drugs may activate senescence through different signaling pathways. DNA damage response pathways have been shown to play a critical role in OIS, RS, and TIS. For instance, the DNA methyltransferase inhibitor, 5-azacytidine, has been shown to cause senescence in DU145 and LNCaP prostate cancer cells within 7 d after treatment [73] . Sirtinol, an inhibitor of histone DNA acetylase, induced senescence in MCF7 breast and H1299 lung cancer cells after 24 h of exposure to this agent [74] . Recently, the involvement of the c-Jun N-terminal kinase p38 (MAPK 14) and the extracellular signalregulated kinase (MAPK 1) pathways in TIS have also been reported [75, 76] . TIS has also been observed in vivo. Two recent reports [77, 78] have addressed the pro-senescence efficacy of restoring the tumor suppressive function of p53. Most of the sarcomas, lymphomas and liver carcinomas that developed in the absence of p53 regressed after p53 restoration. These reports support the idea that drugs that restore p53 function in tumors may provide an effective means of using senescence to restrict tumor growth. Several p53-restoring agents are currently being developed, such as MI-219 and Tenovin-6. In addition, Alimonti and colleagues reported that the PTEN inhibitor, VO-OHpic, induced a novel type of cellular senescence in mouse models of prostate cancer [79] . Wouters, BG and colleagues reported that tumor cells with altered levels of the Figure 4 . TIS, a double-edged sword? In response to therapeutic interven tion, cancer cells can rapidly undergo apoptosis or enter TIS. These senescent cells can be cleared by the immune system, which is beneficial for the host. In contrast, some cancer cells in a senescence-like state can remain 'dormant' or possess a secretory phenotype. They therefore possess a dangerous potential for tumor relapse, which is considered a detri mental outcome for the host.
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Acta Pharmacologica Sinica npg CDK inhibitor and growth arrest gene CIP1 produced similar results in clonogenic assays following γ-irradiation but appeared to be more radio-sensitive in the absence of p21 in vivo. This suggests that genetic protection from γ-irradiationinduced growth arrest may result in a higher rate of remission if apoptosis is still available [80] . Using newly sectioned specimens from frozen breast tumors of patients treated with the chemotherapeutic agents doxorubicin, 5-fluorouracil and cyclophophamide, Poele and colleagues [81] observed SA-β-gal staining in tumor cells but not in normal tissue. They further found that SA-β-gal staining in breast cancer was associated with low p53 staining and high p16 staining, suggesting that chemotherapy-induced senescence is a specific response of tumor cells. In a similar study, 2 out of 3 tumor biopsies from patients treated with carboplatin/paclitaxel were positive for markers of cellular senescence, whereas no significant SA-β-gal activity was found in 3 tumor samples obtained from untreated patients [82] . These results suggest that clinical benefits might be achieved by neoadjuvant chemotherapy for various cancer entities as the tumor lesions present at the time of surgery may not only be largely senescent thus reducing tumor size, but such therapy could also limit the growth potential of the remaining masses.
Escape of tumor cells from TIS
It is conceivable that some cancer cells in a senescence-like state might remain 'dormant' or possess tumor stem cell characteristics, therefore representing a dangerous potential for tumor relapse. If drug-inducible senescence is indeed of clinical importance, then mechanisms that allow tumor cells to overcome this terminal arrest might contribute to anticancer drug resistance and tumor relapse. In fact, some in vitro experiments have already demonstrated that senescent cells can re-enter the mitotic cycle upon acquisition of additional senescence-compromising mutations [83] [84] [85] . In vivo observations also suggest that escaping from drug-induced senescence is responsible, at least in part, for treatment failure. For example, Braig and colleagues [86] observed in mice harboring drug-induced senescent tumors that loss of genes critical for the induction and maintenance of cellular senescence was facilitated by a heterozygotic state for the genes in question; however, mice heterozygous at those alleles also appeared to be particularly prone to overcoming drug-induced arrest.
Clinical applications of cellular senescence-based therapy: is it a parable? TIS has several features that may be beneficial for the management and treatment of cancer. First, senescence stimulates a persistent terminal growth arrest and senescent cells may persist in a stable state even in vivo. For example, senescent melanocytes have been identified in benign nevi that remain dormant for years [6] . It has also been reported that a subset of senescent prostate cancer cells persisted for at least 6 weeks after establishment of xenografts with doxorubicin-induced senescent prostate cancer cells [87] . Second, induction of senescence in tumor cells can stimulate an immune response, which increases susceptibility to cytotoxicity through lymphokineactivated killer cells [88] . It has been observed in a mouse liver carcinoma model that re-expression of a functional p53 induced senescence, resulting in tumor regression [89, 90] . This response may also be instrumental in the improved survival observed in a mouse lymphoma model in which senescence was induced by chemotherapy and BCL2 [90] . Third, the observation that senescence can be induced by lower concentrations of chemotherapeutic agents suggests another potential benefit of TIS for cancer treatment. Schwarze and colleagues [73] tested a range of concentrations of doxorubicin, 5-azacytidine, and docetaxel for the ability to induce senescence and found that, at lower concentrations, the senescent phenotype was predominant in most prostate cancer cells, whereas higher concentrations led to DNA damage and were associated with apoptosis. These studies demonstrated that induction of senescence in tumors may be achieved with lower concentrations of therapeutic agents, which may help limit drug-related toxic effects.
Cellular senescence is generally considered to be irreversible in most cases, thus making it an attractive therapeutic target for diseases like cancer. Nevertheless, we must pay close attention to the potential problems that might arise from senescence-inducing therapies. The reversibility of senescence, particularly in fibroblasts, cannot yet be ruled out, as the factors involved in maintenance of senescence may stop being expressed [83, 84] . This possibility remains to be further clarified experimentally. In addition, the occurrence of cellular senescence may result in resistance to cell death programs such as apoptosis, autophagic cell death or necrosis. For example, senescent fibroblasts are resistant to the apoptotic effects of serum starvation [91] and hydrogen peroxide [92] . Proapoptotic signaling via ceramide and TNF-α can be blocked in the senescent fibroblasts. However, whether TIS causes resistance of cancer cells to apoptosis has not been clearly demonstrated. Additionally, as mentioned above, senescent cells have a robust secretory phenotype, which results in the production of pro-inflammatory cytokines and chemokines. These may also stimulate malignant phenotypes in nearby tumor cells [93] . For example, Chang and colleagues [94] found that chemotherapeutic agent-induced senescence of HCT116 cells not only led to up-regulation of growth inhibitors but also increased the levels of secreted factors with tumor-promoting activity. Such secreted factors included extracellular matrix components, Cyr61 and prosaposin (anti-apoptotic factors), transforming growth factor α (TGFα), and several proteases that could potentially contribute to metastatic growth. Coppe and colleagues [47] also found that senescent fibroblasts secrete pro-inflammatory immune cytokines, including IL-6 and IL-8, which have the potential to promote bystander cell proliferation and may account for the development of some cancers. In this regard, it is important to gain a deeper understanding of the mechanisms responsible for the clearance of senescent tumor cell.
Conclusions and perspectives
Senescence-inducing agents, when combined with other clas-sic therapeutic approaches, may prove to be more effective in the treatment of cancer. Thus, gaining a better understanding of the importance and significance of cellular senescence and exploring how to modulate this cellular process to treat cancer have become areas of extensive research. The advantages of enhancing senescence include terminal growth arrest, low toxicity-related side effects, and immune stimulation. However, under certain conditions, acutely-induced senescence has been shown to be a reversible program. Moreover, cellular senescence may contribute to resistance to the cytotoxic effects of cancer therapies. Senescent cells have the potential to promote the proliferation of bystander cells and may thus account for the development of certain types of cancer. To make the best use of the intrinsic tumor-suppressive potential of cancer cells, further studies are needed to determine whether senescence is indeed relevant to cancer development and therapeutic responses. Future studies should focus on searching for and developing robust senescence-inducing agents, identifying more reliable senescence markers, discovering new regulators of cellular senescence, and designing new therapeutic strategies that force transformed cancer cells to enter the senescence program and promote clearance of these senescent cells.
